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(57) ABSTRACT

An ultrasonic transducer device includes an ultrasonic trans-
ducer element array, a first signal terminal and a second signal
terminal. The ultrasonic transducer element array has a 1%
element group to a k” element group (where k is a natural
number such that k=2). The first signal terminal is connected
with a control section configured to perform at least one of
receiving and transmitting of signals. The second signal ter-
minal is connected with the first signal terminal via the ultra-
sonic transducer element array. Each of the 1** element group
to the k™ element group includes a plurality of ultrasonic
transducer elements electrically connected in parallel. The 1%
element group to the k” element group are electrically con-
nected in series between the first signal terminal and the
second signal terminal.

16 Claims, 15 Drawing Sheets

LG

UER) UE34

——1—

T

HEG2

| &,
L&, |

NA1

UEL UEL,

_‘“_
— |—

UE1S UE14;

—= —
| E—

fist




US 9,252,352 B2

Page 2
(51) Imnt.ClL 2009/0230822 Al* 9/2009 Kushculeyetal. .......... 310/366
GO1S 7/56 (2006.01) 2009/0315508 A1+ 122009 Brader " Go0/ads
rader .
GO1S 15/02 (2006.01) 2010/0189288 Al* 7/2010 Menzel etal. ................ 381/151
Bo6B 1/06 (2006.01) 2010/0292632 Al* 11/2010 Mulvihill etal. ............. 604/22
2011/0127881 Al* 6/2011 Howarth .......... ... 310/319
(56) References Cited 2011/0237974 Al* 9/2011 Bartol et al. ... 600/554
2012/0123263 Al* 5/2012 Osakaetal. ............. 600/438
U.S. PATENT DOCUMENTS 2012/0188849 Al 7/2012 Matsuda et al.
5,864,262 A *  1/1999 Tkada .....ccooccovvievcnnn 333/193 FOREIGN PATENT DOCUMENTS
6,344,705 B1* 2/2002 Solal etal. ... 310/313 B
6,407,484 B1* 6/2002 Oliveretal. ... 310/339 P 2004-281651 A 10/2004
7,173,504 B2 2/2007 Larson, III et al. P 2007-510374 A 4/2007
2004/0130411 Al* 7/2004 Beaudinetal. ............... 333/133 P 2010-249658 A 11/2010
2005/0165314 Al* 7/2005 Tanaka .........cccocovverenne 600/459 P 2011-254295 A 2/2011
2007/0252748 Al* 11/2007 Reesetal. .....cccoovvenne. 342/29 P 2011-050571 A 3/2011
2007/0290578 Al* 12/2007 Horie ........... 310/344 P 2011-137768 A 7/2011
2008/0002375 Al* 1/2008 Nozaki et al. ... 361/749 P 2012-152319 A 8/2012
2008/0027323 Al* 1/2008 Freiburger ... 600/453
2008/0172051 Al* 7/2008 Masudaetal. ...c.cccceee. 606/37 * cited by examiner



U.S. Patent Feb. 2, 2016 Sheet 1 of 15 US 9,252,352 B2

B 21

e

kAl '\Efg'!iyi i ku
\\
7z

W
_ﬂ__{
’
!
L

2 30 2t

Fig. 1B 10

50

XYYy m—
) Carasens

8-“‘(-

S 22 %

21
T

i /
L] O LT T b~ 50

s
133




US 9,252,352 B2

Sheet 2 of 15

Feb. 2, 2016

U.S. Patent

09~

XA64

XA63

g

——1
55
2o
=L

E%%Eg

g m,mwmmﬁ...m.:mm [

voolles TTzd o Tos TesTl #ET

L=9 O%Sﬁou—g _oé ?LT #,Lrg
S REEE & B EEkE
SHEBRHE B HHAHAE

001

1a

o]

002



US 9,252,352 B2

Sheet 3 of 15

j

Feb. 2, 2016

U.S. Patent

LGi

I——éDS
DL

~EG3

UE34

ﬁ

>

UE33

NA2

|

—®

—@

- —— s - ———— e A =

————— " — ————— =5

~-EG2

¢

UE24

UE23

|
il

|

———— 2t e ——— ——

——— . ———— . —— . — - —

1.
[&]
?
rmmmmm e
]
|
|
|
1 N
1 | =
! |
! =)
]
i
M
t
1
1 |1
| ﬂ\ 1T
I b
| 5
z !
N —
i
1
1
|
|
] T
|
! * Il
| 5
]
1
1
1
]
1 I 1
" =
_ o
|
|
1

—— e - —— > ————




U.S. Patent Feb. 2, 2016 Sheet 4 of 15 US 9,252,352 B2

I—>DS 724

DL
83
a3b—| W~ I g [
Bl

73~ _HTH —"'\~.~_/730
NRBa~—1"T —~——73d

e
— — = — ~—82
92b\_/—"'""\ /“\*/920
92a~— 1 —h—-92d

| A K
121 _H1H TNl -72c
12a~—1 T H—~—-72d
__-12e
=1 /Al [ [l s
91b~] _H— | T —9%1c
9la~e FB, Bl 914
71b\_,,—" —H -”‘\-\/710
Ha~—}T 1 —4—T71d
~~—Tle




US 9,252,352 B2

Sheet 5 of 15

Feb. 2, 2016

U.S. Patent

gs ‘614

FAAARANTAERTR T ST T S S TR SR SIS NA N NA SRR NSNS

el l el XL L L L L L L L L L L L Ll dl bl Ll L L b Ll L AL L Ll
c.&)%/////////////////7// // N

N m ..........

Tt tatatatat ety

N
”/////
N NN

agL . oL (¢
AV
8 ogL 926 8 °16 18

vs ‘B4

o\ \\\\ ¥

03¢ NN NN NN NN AN

\\\\\\\\\\\V\\\\\\\\\\\\\\\ L Ll

222 NAANARANRN AR % NN

N %

¢8 N

4//7)

/M////////

- 9gs %L qz6 9qeL



U.S. Patent

Feb. 2, 2016

—

DL

Sheet 6 of 15

as

93a~—3— T ~—83b

a1 M~ 73b

83a~

830~

83b~_

93c~—" " T~—93d

=:==$3=

f"v'lSe

92a-—} —1 T~—92b

T2a~_4+— T ™—T72b

82a~_|

820 ~_

82b ~_|

92¢~—F" ~——92d
T~ 128

Ha—4 T~—91b

Tta~—}T1 T t—T1b

8la~_

8le~

81b~_

e~—f FT~—91d
~Tle

US 9,252,352 B2



U.S. Patent Feb. 2, 2016 Sheet 7 of 15 US 9,252,352 B2

DS
\ >
w
DL
1 ~LGCi

Fig. 7A ,
LSi~] ues— ¢

BMA2  BMAT1

Y[mm]

: . REREED.- SRy
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Z[mm]

Fig. 7B



Sheet 8 of 15 US 9,252,352 B2

U.S. Patent Feb. 2, 2016

BMB2  BMB1

Y[mm]

Sl i i S B i L S B i
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Z[mm]

Fig. 8



U.S. Patent Feb. 2, 2016 Sheet 9 of 15 US 9,252,352 B2

—

DL

10X

~~LGi

UE3 |
NB2

UEZ |
NB1

1]
N

Fig. 9



U.S. Patent Feb. 2, 2016 Sheet 10 of 15 US 9,252,352 B2

r—’DS 7;

DL

™83

’\_/93

1T~ 173a

| I'\r73e

1| 82

’\./92

T~ 722

~—12¢

/| 81

"\/91

1 T~—Tla

~~Tle

Fig. 10



US 9,252,352 B2

Sheet 11 of 15

Feb. 2, 2016

U.S. Patent

L1 B4

pos7lied 1|28 11161 od || 66 ._._”m.w._ By vm.,.—_.w.__._.‘w._.—_.\mm._
s1lis1lis1 st llsa

XC

CHEA
CHB3
CHB2
CHB1
CHB0
CH538

[ ]

[ ]

[ ]
CHi
[ ]

[ ]

[ ]
CH6
CHS
CH4
CH3
CH2
CH1

T AD1

L .1.... .>.
so.;%_ %u_.—%._.—% mﬂ 07 mo#o.ﬁwo.#w._ No.ﬁ o1 004

LJC AL L

| N . _
09 X0 sq

00¢




U.S. Patent Feb. 2, 2016 Sheet 12 of 15 US 9,252,352 B2

220
L~_-250
ELEMENT
CHIP
Li~_~ 200
/]
ULTRASONIC TRANSDUCER
ELEMENT ARRAY ] 100
XA1~XA64XC
ﬁwr -
} Ny, 130
CONNECTOR Hh— 421
{ CONNECTING SECTION }
210

Fig. 12



US 9,252,352 B2

Sheet 13 of 15

Feb. 2, 2016

U.S. Patent

o¢l ‘B4

llT 0l
~

“T—002

0cl

12y

1S

0ce

~—0L¢
052~

¢dS ﬁ

092

vel "Big
092 092
I HRITHETAT
001 T™N—
AVHYY LINIWTTF
0S¢ ™ HIONASNYY) JINOSYHELIN
00¢1—
09¢ 092
022



U.S. Patent Feb. 2, 2016
350
30{\
( 1330
335
320 < \ D"/334
B~ | | 426
L \-I:I/—— 250 240
7 1 '/ N~
200
310 I J—/_m
(
230
Fig. 14A

Sheet 14 of 15 US 9,252,352 B2
350
300\‘
( 1330
320 < D,~/334
335 —{ “D
332 ’D
.
2 B0 g
s T X
‘ 200
310 ! 1270

230

Fig. 14B



US 9,252,352 B2

Sheet 15 of 15

Feb. 2, 2016

U.S. Patent

Gl *Bid
1144 0zZy i
? ¢ ¢
NOILD3S NOWLD3S NOILD3S
AVIdSIq ONISS300Yd NOLLd303Y
\
NOILD3S (391A3Q MOSN3S
ONILOANNOD ¥3ONASNYY
NOILD3S TOMINOD OINOSVALIN
NOLLD3S IN NOLLD3S NOILd303Y NOILO3S | dmpinanaig
T0YLNOD ONY NOISSIASNVAL NOISSIWSNVY |
¢ ¢ ¢ {
(1134 (]84 pee (411
¢ ¢
012 00¢
NOILO3S ONISSI00Yd LIN{ Q¥3H DINOSYRLTN
AQOg 331A3Q JINOHLOT] w 3804 JINOSYHELTN w
¢ \ ¢ \
ooy 0ge 002 0ce




US 9,252,352 B2

1

ULTRASONIC TRANSDUCER DEVICE, HEAD
UNIT, PROBE, AND ULTRASONIC IMAGING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2013-038459 filed on Feb. 28, 2013. The entire
disclosure of Japanese Patent Application No. 2013-038459
is hereby incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to an ultrasonic transducer
device, a head unit, a probe, an ultrasonic imaging apparatus,
and the like.

2. Related Art

An ultrasonic imaging apparatus is known which emits
ultrasonic waves from a front end of a probe toward a target
object and detects ultrasonic waves which are reflected from
the target object (for example, Japanese Unexamined Patent
Application Publication No. 2011-50571). For example, the
ultrasonic imaging apparatus is used as an ultrasonic diagno-
sis apparatus which is used in diagnosis by imaging inside the
body of a patient or the like. For example, a piezoelectric
element is used as an ultrasonic transducer element which
transmits and receives ultrasonic waves.

SUMMARY

In an ultrasonic probe in Japanese Unexamined Patent
Application Publication No. 2011-50571, in the transmitting
and receiving of ultrasonic waves which are used in an ultra-
sonic transducer array where the ultrasonic transducer ele-
ments are lined up, the sensitivity of transmitting and receiv-
ing is improved by switching the connection relationship of
the ultrasonic transducer elements between connecting in
series or in parallel using a switching circuit when transmit-
ting and when receiving. However, there is a problem in that
the switching circuit for switching and the wiring for this is
complex.

According to several aspects of the present invention, it is
possible to provide an ultrasonic transducer device, a head
unit, a probe, an ultrasonic imaging apparatus, and the like
which are able to improve the sensitivity of transmitting and
receiving without using a switching switch.

An ultrasonic transducer device according to one aspect
includes an ultrasonic transducer element array, a first signal
terminal and a second signal terminal. The ultrasonic trans-
ducer element array has a 1° element group to a k” element
group (where k is a natural number such that k=2). The first
signal terminal is connected with a control section configured
to perform at least one of receiving and transmitting of sig-
nals. The second signal terminal is connected with the first
signal terminal via the ultrasonic transducer element array.
Each of the 1* element group to the k™ element group
includes a plurality of ultrasonic transducer elements electri-
cally connected in parallel. The 1* element group to the k™
element group are electrically connected in series between
the first signal terminal and the second signal terminal.

According to the aspect of the present invention, the 1%
element group to thek™ element group are connected in series
between the first signal terminal and the second signal termi-
nal and the plurality of ultrasonic transducer elements in each
of'the element groups are connected in parallel. Due to this, it
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2

is possible to improve the sensitivity of transmitting and
receiving ultrasonic waves without using a switching switch.

In addition, in another aspect, the first signal terminal is
preferably connected with the control section configured to
perform receiving and transmitting of signals.

By doing so, it is possible for the control section to perform
receiving and transmitting of signals via the first signal ter-
minal and it is possible to perform transmitting and receiving
of ultrasonic waves.

In addition, in another aspect, the ultrasonic transducer
elements electrically connected in parallel are preferably
arranged to line up along a first direction which is a scanning
direction.

In addition, in another aspect, the 1% element group to the
k™ element group are preferably arranged to line up along a
second direction which intersects with the first direction.

By doing so, since the 1° element group to the k” element
group are connected in series, it is possible to apply transmis-
sion signals with the same phase and the same amplitude to
the 1 element group to the k* element group which are
arranged along the second direction. Due to this, it is possible
to suppress natural focus using phase delay or the like, and it
is possible to enhance the beam profile in the second direc-
tion.

In addition, in another aspect, each of the 1°* element group
to the k™ element group preferably has a 1** ultrasonic trans-
ducer element to a j” ultrasonic transducer element (where j
is a natural number such thatk=2) as the ultrasonic transducer
elements, and each s? ultrasonic transducer element (where s
is a natural number such that s<j) among the 1* ultrasonic
transducer element to the j* ultrasonic transducer element in
each of the 1% element group to the k” element group is
preferably arranged to line up along the second direction.

By doing so, since it is possible to arrange the s? ultrasonic
transducer elements in the 1* element group to the k” element
group along the second direction, it is possible to emit ultra-
sonic waves with the same phase and the same amplitude
from the ultrasonic transducer elements which are arranged
along the second direction. Due to this, it is possible to
achieve a more ideal profile for the beam profile.

In addition, in another aspect, each of the 1°* element group
to the k™ element group preferably has at least four of the
ultrasonic transducer elements electrically connected in par-
allel and arranged in a matrix in two directions of a first
direction which is a scanning direction and a second direction
which intersects with the first direction.

Even in this case, since it is possible to arrange the s”
ultrasonic transducer elements in each of the element groups
along the second direction, it is possible to enhance the beam
profile in the second direction.

In addition, in another aspect, each of the ultrasonic trans-
ducer elements preferably has a first electrode, a second elec-
trode, and a transducer section disposed between the first
electrode and the second electrode, the first electrode of each
of the ultrasonic transducer elements in the 1°* element group
is preferably connected with the first signal terminal, and the
second electrode of each of the ultrasonic transducer ele-
ments in the 1* element group is preferably connected with
the first electrode of each of the ultrasonic transducer ele-
ments in a 2" element group.

In addition, in another aspect, the second electrode of each
ofthe ultrasonic transducer elements in a k—1” element group
among the 1 element group to the k” element group is
preferably connected with the first electrode of each of the
ultrasonic transducer elements in the k” element group, and
the second electrode of each of the ultrasonic transducer
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elements in the k™ element group is preferably connected
with the second signal terminal.

By doing so, it is possible for the 1% element group to the
k™ element group to be connected in series between the first
signal terminal and the second signal terminal. In addition,
there is a possibility that a phase delay will be generated in the
transmission signal due to resistance in the wiring which
connects the first signal terminal and the first electrode and
resistance in the wiring which connects the second signal
terminal and the second electrode, but it is possible to sup-
press the phase delay since the plurality of element groups
between the first signal terminal and the second signal termi-
nal are connected in series according to the aspect of the
present invention.

In addition, in another aspect, the ultrasonic transducer
device preferably further includes: an additional first signal
terminal, with the first signal terminal and the additional first
signal terminal being arranged at a first end section of the
ultrasonic transducer element array with respect to a second
direction which intersects with the first direction; and a sec-
ond signal electrode wiring arranged at least at a second end
section of the ultrasonic transducer element array with
respect to the second direction and connected with the second
signal terminal. The 1 element group to the k” element
group are preferably electrically connected in series between
one of the first signal terminals and the second signal elec-
trode wiring.

In addition, in another aspect, the second signal terminal is
preferably arranged at the first end section, and the second
signal electrode wiring preferably has a first wiring portion
arranged at the second end section with respect to the first
direction and a second wiring portion connecting the first
wiring portion and the second signal terminal.

According to this aspect, since one end of the 1% element
groups to the k” element groups which configure each of the
channels is the second signal electrode wirings, it is possible
to easily connect together the second signal electrode wirings
of'the plurality of channels. It is possible to perform the input
and output of signals from only the one end section by con-
necting together the second signal electrode wirings to the
second signal terminal using the first wiring and the second
wiring and arranging the second signal terminal and the plu-
rality of first signal terminals at the one end section of the
ultrasonic transducer element array.

In addition, an ultrasonic transducer device according to
another aspect includes an ultrasonic transducer element
array, a first signal terminal, and a second signal terminal. The
first signal terminal is connected with a control section con-
figured to perform at least one of receiving and transmitting of
signals. The second signal terminal is connected with the first
signal terminal via the ultrasonic transducer element array.
The ultrasonic transducer element array has one of: a plurality
of ultrasonic transducer elements electrically connected in
series between the first signal terminal and the second signal
terminal; and a plurality of element groups electrically con-
nected in series between the first signal terminal and the
second signal terminal, with each of the element groups hav-
ing a plurality of ultrasonic transducer elements electrically
connected in parallel. The plurality of ultrasonic transducer
elements or the plurality of element groups are arranged to
line up along a second direction intersecting with a first direc-
tion which is a scanning direction.

In addition, an ultrasonic transducer device according to
another aspect includes a first element group, a second ele-
ment group and a connecting wiring. The first element group
includes a plurality of ultrasonic transducer elements electri-
cally connected in parallel. The second element group
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includes a plurality of ultrasonic transducer elements electri-
cally connected in parallel. The connecting wiring electri-
cally connects the first element group and the second element
group in series.

In addition, a head unit of a probe according to another
aspect includes the ultrasonic transducer device according to
any one of the above described aspects. The ultrasonic trans-
ducer device is configured and arranged to be attached and
detached with respect to a probe body of the probe.

In addition, a probe according to another aspect includes
the ultrasonic transducer device according to any one of the
above described aspects, and a probe body.

In addition, in another aspect, the probe preferably further
includes a flexible substrate having first signal wiring con-
nected with the first signal terminal and a second signal wir-
ing connected with the second terminal. The first signal ter-
minal and the second signal terminal are preferably arranged
at one end of the ultrasonic transducer device. The flexible
substrate is preferably provided at the one end of the ultra-
sonic transducer device.

In addition, in another aspect, an ultrasonic imaging appa-
ratus includes the probe according to any one of the above
described aspects, and a display section configured and
arranged to display image data.

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the attached drawings which form a part
of'this original disclosure:

FIGS. 1A to 1C are configuration examples of an ultrasonic
transducer element.

FIG. 2 is a configuration example of an ultrasonic trans-
ducer device.

FIG. 3 is a configuration example of a channel element
group.

FIG. 4 is a planar diagram of a first layout configuration
example of a channel element group.

FIGS. 5A and 5B are cross sectional diagrams of the first
layout configuration example of the channel element group.

FIG. 6 is a second layout configuration example of a chan-
nel element group.

FIG. 7A is a comparative channel configuration example
and FIG. 7B is sound field simulation results of the compara-
tive configuration example.

FIG. 8 is sound field simulation results of an embodiment.

FIG. 9 is a modified example of a channel element group.

FIG. 10 is a layout configuration example which is a modi-
fied example of a channel element group.

FIG. 11 is a modified example of an ultrasonic transducer
device.

FIG. 12 is a configuration example of a head unit.

FIGS. 13A to 13C are detailed configuration examples of a
head unit.

FIGS. 14A and 14B are configuration examples of an ultra-
sonic probe.

FIG. 15 is a configuration example of an ultrasonic imag-
ing apparatus.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following describes a preferred embodiment of the
present invention in detail. Here, the present embodiment
described below is not gratuitously limited by the content of
the present invention described in the scope of the claims and
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the entire configuration described in the present embodiment
is not necessarily essential as a means to solve the problems in
the present invention.

1. Ultrasonic Transducer Element

FIGS. 1A to 1C illustrate a configuration example of an
ultrasonic transducer element 10 which is applied to an ultra-
sonic transducer device of the present embodiment. The ultra-
sonic transducer element 10 includes a vibrating film 50 (a
membrane and a support member), a first electrode layer 21 (a
lower electrode layer), a piezoelectric body layer 30 (a piezo-
electric body film), and a second electrode layer 22 (an upper
electrode layer).

The ultrasonic transducer element 10 is formed on a sub-
strate 60. The substrate 60 is, for example, a silicon substrate.
FIG. 1A is a planar diagram of the ultrasonic transducer
element 10 viewed from a direction which is orthogonal to the
substrate 60 on an element forming surface side. FIG. 1B is a
cross sectional diagram illustrating a cross section along AA'
in FIG. 1A. FIG. 1C is a cross sectional diagram illustrating a
cross section along BB' in FIG. 1A.

The first electrode layer 21 is formed by, for example, a
metal thin film on an upper layer of the vibrating film 50. The
first electrode layer 21 may be wiring which extends to an
outer side of an element forming region as shown in FIG. 1A
and is connected with the adjacent ultrasonic transducer ele-
ment 10.

The piezoelectric body layer 30 is formed using, for
example, a PZT (lead zirconate titanate) thin film and is
provided so as to cover at least a portion of the first electrode
layer 21. Here, the material of the piezoelectric body layer 30
is not limited to PZT, and for example, lead titanate (PbTiO;),
lead zirconate (PbZrO;), lanthanum-modified lead titanate
((Pb, La)TiO;), and the like may be used.

The second electrode layer 22 is formed using, for
example, a thin metal film and is provided so as to cover at
least a portion of the piezoelectric body layer 30. The second
electrode layer 22 may be wiring which extends to an outer
side of the element forming region as shown in FIG. 1A and
is connected with the adjacent ultrasonic transducer element
10.

One out of a portion which is covered by the piezoelectric
body layer 30 out of the first electrode layer 21 and a portion
which covers the piezoelectric body layer 30 out of the second
electrode layer 22 forms the first electrode and the other
portion of the first electrode layer 21 and the second electrode
layer 22 forms the second electrode. The piezoelectric body
layer 30 is provided to interpose the first electrode and the
second electrode. The first electrode, the second electrode,
and the piezoelectric body layer 30 are referred to as the
piezoelectric element section.

The vibrating film 50 is provided so as to block off an
opening 40 using a two layer structure of, for example, an
SiO, thin film and a ZrO, thin film. It is possible for the
vibrating film 50 to support the piezoelectric body layer 30,
the first electrode layer 21, and the second electrode layer 22,
to vibrate according to expansions and contractions of the
piezoelectric body layer 30, and to generate ultrasonic waves.

The opening 40 (a hollow region) is formed by etching
using reactive ion etching (RIE) or the like from the rear
surface (the surface where elements are not formed) side of
the substrate 60. The resonance frequency of the ultrasonic
waves is determined by the size of the vibrating film 50 which
is able to vibrate according to the forming of the opening 40
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and the ultrasonic waves are radiated to the piezoelectric body
layer 30 side (in a forward direction from behind the surface
of the diagram in FIG. 1A).

The piezoelectric body layer body 30 expands and con-
tracts in an in-plane direction by a voltage being applied
between the first electrode and the second electrode, that is,
between the first electrode layer 21 and the second electrode
layer 22. The ultrasonic transducer element 10 uses a mono-
morphic (unimorphic) structure where a thin piezoelectric
element (the piezoelectric body layer 30) and a metal plate
(the vibrating film 50) are bonded, and warping is generated
in order to maintain the dimensions of the vibrating film 50
which is bonded to the piezoelectric body layer 30 when the
piezoelectric body layer 30 expands and contracts in the
in-plane. The vibrating film 50 vibrates with respect to a film
thickness direction due to an alternating current being applied
to the piezoelectric body layer 30, and ultrasonic waves are
radiated due to the vibration of the vibrating film 50. The
voltage which is applied to the piezoelectric body layer 30 is,
for example, 10 to 30 V and the frequency is, for example, 1
to 10 MHz.

Itis possible to narrow the element pitch since it is possible
to reduce the size of the elements compared to the bulk
ultrasonic transducer elements due to the ultrasonic trans-
ducer elements 10 being configured as described above. Due
to this, it is possible to suppress the generation of grating
lobes. In addition, it is possible to configure a driving circuit
using a circuit element with low resistance to voltage since
driving is possible using voltage amplitude which is small
compared to bulk ultrasonic transducer elements.

2. Ultrasonic Transducer Device

FIG. 2 illustrates a configuration example of an ultrasonic
transducer device 200 of the present embodiment. It is pos-
sible to adopt a transducer which is a type which uses a
piezoelectric element as described above (a thin film piezo-
electric element) as the ultrasonic transducer device 200, but
the present embodiment is not limited to this. For example, a
transducer which is a type which uses a capacitive element
such as a c-MUT (Capacitive Micro-machined Ultrasonic
Transducer) may be adopted.

Here, below, a case where the transmitting and receiving
channels are configured as 1% to 64 channels will be
described as an example, but the present embodiment is not
limited to this and the transmitting and receiving channels
may be configured as 1* to n” channels where n does not
equal 64. In addition, below, a case where the element groups
are connected between the signal terminals and the common
terminal will be described as an example, but the present
embodiment is not limited to this. That is, the element groups
may be connected between two signal terminals and, for
example, an opposite phase signal may be supplied to the two
signal terminals.

The ultrasonic transducer device 200 includes the substrate
60, an ultrasonic transducer element array 100 which is
formed on the substrate 60, signal terminals XAl to XA64
which are formed on the substrate 60, common terminals
XC1to XC64 (signal terminals in a broad meaning) which are
formed on the substrate 60, signal electrode wirings L.S1 to
LS64 which are formed on the substrate 60, and common
electrode wirings [.C1 to L.C64 (signal electrode wirings in a
broad meaning) which are formed on the substrate 60.

The signal terminals X A1 to X A64 are arranged at one end
section of the ultrasonic transducer element array 100 in a
slice direction DL and each of the signal terminals X Ai (iis a
natural number such that i=n=64) is connected with one end
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of the signal electrode wirings L.Si. The common terminals
XC1 to XC64 are arranged at the other end section of the
ultrasonic transducer element array 100 in the slice direction
DL and each of the common terminals XCi is connected with
one end of the common electrode wirings L.Ci. For example,
the substrate 60 has a rectangular shape with a scanning
direction DS as the long side direction, the signal terminals
XA1 to XA64 are arranged along one long side of the rect-
angular shape, and the common terminals XC1 to XC64 are
arranged along the other long side of the rectangular shape.

Here, the scanning direction DS and the slice direction DL
represent directions on the plane of the substrate 60. The
scanning direction DS corresponds to, for example, the direc-
tion where an ultrasonic beam scans in scanning operations
such as sector scanning or linear scanning. The slice direction
DL is a direction which intersects with (for example, is
orthogonal to) the scanning direction DS and, for example, in
a case where a tomographic image is obtained by scanning an
ultrasonic beam, corresponds to the direction which is
orthogonal to the tomography.

Theultrasonic transducer element array 100 includes chan-
nel element groups CH1 to CH64 which are arranged along
the scanning direction DS. Each channel element group CHi
is configured by a plurality of ultrasonic transducer elements
10 which are electrically connected and is connected with the
other end ofthe signal electrode wirings [.Si and the other end
of the common electrode wirings L.Ci. A detailed configura-
tion of the channel element group CHi will be described later.

One transmitting and receiving channel is configured by
the signal terminal XAi, the signal electrode wiring LSi, the
channel element group CHi, the common electrode wiring
LCi, and the common terminal XCi. That is, when a trans-
mission signal (for example, a voltage pulse) is supplied to the
signal terminal X Ai, the transmission signal is converted into
ultrasonic waves by the ultrasonic transducer element 10 of
the channel element group CHi and emitted as ultrasonic
waves. Then, an ultrasonic echo which is reflected by the
target object is converted into a reception signal (for example,
a voltage signal) by the ultrasonic transducer element 10 and
the reception signal is output from the signal terminal XAi.
Here, a common voltage (for example, a constant voltage) is
supplied to the common terminal XCi.

3. Channel Element Groups

Here, in order to detect the ultrasonic echo with high sen-
sitivity, it is necessary to perform at least one of increasing
transmission sound pressure and improving reception sensi-
tivity.

As a method for increasing the transmission sound pres-
sure, connecting a plurality of the ultrasonic transducer ele-
ments 10 in parallel between the signal terminal X Ai and the
common terminal XCi may be considered. In the case of
connecting in parallel, since the transmission voltage
between the terminals X Ai and XCiis applied to the plurality
of'ultrasonic transducer elements 10, it is possible to increase
the transmission sound pressure compared to the case where
there is one of the ultrasonic transducer elements 10.

However, in the case of connecting in parallel, since there
is output to the terminals X Ai and XCi without increasing the
amplitude of the reception voltage of each of the ultrasonic
transducer elements 10, it is not possible to expect an
improvement in reception sensitivity. For example, it is nec-
essary to receive weak echoes in order to observe the depth of
abody and it is necessary to increase S/N during reception. In
addition, since there is an upper limit to the transmission
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sound pressure in consideration of the effects or the like on the
human body, it is necessary to increase reception sensitivity.

As a method for improving reception sensitivity, connect-
ing the plurality of ultrasonic transducer elements 10 in series
between the signal terminal XAi and the common terminal
XCi may be considered. In the case of connecting in series,
since there is output to the terminals X Ai and XCi by increas-
ing the reception voltage between the terminals of each of the
ultrasonic transducer elements 10, it is possible to improve
reception sensitivity.

However, since the transmission voltage is subject to volt-
age division and applied to the plurality of ultrasonic trans-
ducer elements 10, it is not possible to expect an improvement
in transmission sound pressure. In this manner, there is a
problem in that it is difficult to improve the sensitivity of
transmitting and receiving as a whole by increasing both
transmission sound pressure and reception sensitivity.

FIG. 3 illustrates a configuration example of the channel
element group CHi of the present embodiment which is able
to solve the problem described above. The channel element
group CHi includes element groups EG1 to EGk (k is a
natural number such that k=2) which are connected in series
between the signal electrode wirings [.Si and the common
electrode wirings [.Ci. Here, below, a case where k=3 will be
described as an example, but the present embodiment is not
limited to this.

Each of the element groups of the element groups EG1 to
EG3 has j of the ultrasonic transducer elements 10 (j is a
natural number such that j=2) which are connected in parallel.
Here, below, a case where j=4 will be described as an
example, but the present embodiment is not limited to this. In
detail, the element group EG1 has ultrasonic transducer ele-
ments UE11 to UE14 which are connected in parallel
between the signal electrode wirings [.Si and a node NA1, the
element group EG2 has ultrasonic transducer elements UE21
to UE24 which are connected in parallel between the node
NAT1 and a node NA2, and the element group EG3 has ultra-
sonic transducer elements UE31 to UE34 which are con-
nected in parallel between the node NA2 and the common
electrode wiring LCi.

The ultrasonic transducer elements UE11 to UE14, UE21
to UE24, and UE31 to UE34 of each of the element groups are
arranged along the scanning direction DS and the element
groups EG1 to EG3 are arranged along the slice direction DL.
In detail, ultrasonic transducer elements UE1s, UE2s, and
UE3s (s is a natural number such that s<3=j) are arranged
along the slice direction DL.

Here, in the present embodiment, the ultrasonic transducer
elements UE1s, UE2s, and UE3s are not limited to a case of
being lined up in a straight line along the slice direction DL,
and for example, the ultrasonic transducer elements UE1s,
UE2s, and UE3s may be lined up to be alternately shifted with
respect to a straight line (for example, UE1s, and UE3s may
be shifted to the right of the paper surface of the diagram and
UE2s may be shifted to the left of the paper surface of the
diagram). In addition, the number of ultrasonic transducer
elements in each of the element groups is not limited to the
same number as j and the number of ultrasonic transducer
elements may be different for each of the element groups.

4. Layout Configuration

FIG. 4 to FIG. 5B illustrate a first layout configuration of
the channel element group CHi described above. FIG. 4 is a
planar diagram viewed in the thickness direction of the sub-
strate 60 from the ultrasound emission direction side. FIG. SA
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is a cross sectional diagram of the cross section AA' in FIG. 4
and FIG. 5B is a cross sectional diagram of the cross section
BB'in FIG. 4.

Firstly, the layout configuration of each of the element
groups will be described with the element group EG2 as an
example. The element group EG2 is configured by first elec-
trode layers 72a to 72e, a second electrode layer 82, and
piezoelectric body layers 92a to 924.

As shown in FIG. 4, in a plan view, the first electrode layers
72a to 72d with a rectangular shape are arranged along the
scanning direction DS and the long sides of the rectangular
shapes are arranged so as to be along the slice direction DL.
The first electrode layers 72a to 72d are connected together
(in common) with the first electrode layer 72¢ which is
arranged on the slice direction DL side of the first electrode
layers 72a to 72d. The first electrode layer 72¢ is arranged
such that the long side of the rectangular shape is along the
scanning direction DS. The first electrode layers 72a to 72¢
are arranged above the vibrating film 50 as shown in FIG. 5A
and FIG. 5B. Here, “above” refers to a direction which is
separated from the substrate 60 in the ultrasonic wave emis-
sion direction in the thickness direction of the substrate 60.
Here, the first electrode layers 72a to 72e are divided for
convenience and are configured by one electrode layer.

The piezoelectric body layers 92a to 924 are arranged so as
to cover above the first electrode layers 72a to 72d at equal
intervals along the scanning direction DS. The piezoelectric
body layers 92a to 924 are rectangular shapes in a plan view
and the long side of the rectangular shapes is arranged so as to
be along the slice direction DL. The second electrode layer 82
is arranged so as to cover above the piezoelectric body layers
92a to 924 and the first electrode layers 72a to 72d are insu-
lated by the piezoelectric body layers 92a to 924.

Next, the layout configuration of the element groups EG1
to EG3 will be described. The first electrode layer 71e of the
element group EG1 corresponds to the signal electrode wir-
ing L.Si (or the signal terminal X Ai). A second electrode layer
81 of the element group EG1 is arranged above a portion of
the first electrode layers 72a to 72d and the first electrode
layer 72e of the element group EG2 and the second electrode
layer 81 of the element group EG1 and the first electrode
layers 72a to 72e of the element group EG2 are conductive.

Then, the second electrode layer 82 of the element group
EG?2 is arranged above a portion of first electrode layers 73a
to 73d and a first electrode layer 73e of the element group
EG3 and the second electrode layer 82 of the element group
EG2 and the first electrode layers 73a to 73e of the element
group EG3 are conductive. A second electrode layer 83 of the
element group EG3 is connected with a first electrode layer 74
which corresponds to the common electrode wiring L.Ci (or
the common terminal XCi). The first electrode layer 74 is
arranged on the opposite side in the slice direction DL, when
viewed from the element group EG3. In this manner, the
element groups EG1 to EG3 are configured to be connected in
series between the signal electrode wirings [.Si and the com-
mon electrode wiring LCi.

Piezoelectric layers 91a to 93a (or 915 to 935, 91¢ to 93¢,
and 91d to 93d) of the element groups EG1 to EG3 are
arranged at equal intervals along the slice direction DL. The
area of the piezoelectric body layers 91a to 93a which are
interposed by the electrode layers is the same. In this case, the
voltage which is applied between the electrodes which inter-
pose the piezoelectric body layers 91a to 93a is equal, and the
phase and the sound pressure of the ultrasonic waves which
are emitted are also the same. By emitting the ultrasonic
waves with the same phase and the same sound pressure from
the elements at equal intervals in this manner, it is possible to
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realize an enhancement in the beam profile in the slice direc-
tion DL which will be described later in FIG. 7A to FIG. 8.

Here, in the description above, an example was described
where the piezoelectric body layers (92a to 924 and the like)
are rectangular shapes in a plan view and the long side of the
rectangular shapes is arranged along the slice direction DL,
but the present embodiment is not limited to this and, for
example, the piezoelectric body layer may be a square shape
(substantially square shape) or the like.

Here, the first electrode layers 71a to 71e, the first electrode
layers 72a to 72e, and the first electrode layers 73a to 73¢ are
divided for convenience (shown by dotted lines in FIG. 4 and
FIG. 5B) and each is configured by one electrode layer
(shown by solid lines).

FIG. 6 illustrates a second layout modified example of the
channel element group CHi. FIG. 6 is a planar diagram
viewed in the thickness direction of the substrate 60 from the
ultrasound emission direction side.

The layout configuration of each of the element groups will
be described with the element group EG2 as an example. The
element group EG2 is configured by the first electrode layers
72a,72b, and 72e, the second electrode layers 82a to 82¢, and
the piezoelectric body layers 92a to 924.

In a plan view, the first electrode layers 72a and 726 with
rectangular shapes are arranged along the scanning direction
DS and the long side of the rectangular shapes is arranged so
as to be along the slice direction DL. The first electrode layers
72a and 72b are connected together (in common) with the first
electrode layer 72e which is arranged on the slice direction
DL side of the first electrode layers 72a and 7264.

The piezoelectric body layers 92a and 92¢ are arranged so
as to cover above the first electrode layer 72a, and the piezo-
electric body layers 925 and 924 are arranged so as to cover
above the first electrode layer 725. That is, the piezoelectric
body layers 92a and 925 and the piezoelectric body layers 92¢
and 924 which are arranged at equal intervals along the scan-
ning direction DS are configured to be arranged in two stages
along the slice direction DL.

The second electrode layer 82a is arranged so as to cover
above the piezoelectric body layers 92a and 926 and the
second electrode layer 826 which is arranged on the slice
direction DL side of the second electrode layer 82a is
arranged so as to cover above the piezoelectric body layers
92¢ and 92d. The second electrode layers 82a and 824 are
connected by the second electrode layer 82c.

Next, the layout configuration of the element groups EG1
to EG3 will be described. The second electrode layer 81a of
the element group EG1 is arranged above a portion of the first
electrode layers 72a and 725 and the first electrode layer 72¢
of the element group EG2. In addition, the second electrode
layer 82 of the element group EG2 is arranged above a portion
of'the first electrode layers 73a and 735 and the first electrode
layer 73e of the element group EG3. That is, the element
groups EG1 to EG3 are connected in series between the signal
electrode wiring L.Si (the first electrode layer 71¢) and the
common electrode wiring [.Ci (the first electrode layer 74).

The piezoelectric body layers 91a to 93a (or 915 to 935,
91¢t0 93¢, and 91d to 93d) of the element groups EG1 to EG3
are arranged at equal intervals along the slice direction DL.
That is, it is possible to emit ultrasonic waves with the same
phase and the same sound pressure from the elements which
are arranged at equal intervals in the slice direction DL even
in a case where each of the element groups is configured in
multiple stages as shown in FIG. 6.

Here, the first electrode layers 71a, 715, and 71e, the first
electrode layers 72a, 72b, and 72e, the first electrode layers
73a,73b, and 73e, the second electrode layers 81a to 81c¢, the
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second electrode layers 824 to 82¢, and the second electrode
layers 83a to 83c¢ are divided for convenience (shown by
dotted lines in FIG. 6), and each is configured by one elec-
trode layer (shown by solid lines).

According to the embodiment above, the ultrasonic trans-
ducer device 200 includes the ultrasonic transducer element
array 100 which has 1% to k” element groups (for example,
EG1 to EG3 (k=3)), the first signal terminal (XAi) which is
connected with a control section (for example, a processing
apparatus 330 in FIG. 15) which performs at one of receiving
and transmitting of signals, and the second signal terminal
(XCi) which is connected with the first signal terminal (XAi)
via the ultrasonic transducer element array 100. The plurality
of ultrasonic transducer elements (for example, EG1 has
UE11 to UE14) which are included in each of the element
groups of the 15 to k” element groups (EG1 to EG3) are
electrically connected in parallel in each of the element
groups. The 1° to k™ element groups (EG1 to EG3) are elec-
trically connected in series between the first signal terminal
(XA1) and the second signal terminal (XCi).

By doing so, it is possible to improve reception sensitivity
since it is possible to increase the amplitude of the reception
voltage by connecting the element groups EG1 to EG3 in
series between the terminals XAi and XCi. In addition, by
connecting the ultrasonic transducer elements in each of the
element groups in parallel, it is possible to increase transmis-
sion sound pressure. In this manner, it is possible to achieve
both an increase in transmission sound pressure and an
improvement in reception sensitivity, and it is possible to
receive slight echoes from the depths of a human body with a
high S/N while suppressing the effects on the human body
from the transmission ultrasonic waves.

Here, the element groups refer to the plurality of ultrasonic
transducer elements which are electrically connected
between two nodes. The plurality of ultrasonic transducer
elements may be connected in series, may be connected in
parallel, or may be connected ina combination of'in series and
in parallel.

For example, the second signal terminal is the common
terminal XCi in the present embodiment. In this case, since
the terminal at one end of the channel element group CHi is
the common terminal XCi, it is easy for one of the common
terminals of the plurality of channel element groups which
will be described later in FIG. 11 to be shared. In a case where
the common terminals are shared, for example, savings are
possible in the wiring region on the substrate 60 and it is
possible to reduce the numbers of the terminals and the wir-
ings for supplying a common voltage from outside to the
common terminal.

In addition, the plurality of ultrasonic transducer elements
(for example, UE11 to UE14 of the element group EG1)
which are electrically connected in parallel are arranged to
line up in the first direction which is the scanning direction DS
in the present embodiment.

In addition, the 1* to the k™ element groups (EG1 to EG3)
are arranged to line up in the second direction which inter-
sects with the first direction in the present embodiment. For
example, the second direction is the slice direction DL in the
present embodiment.

By doing so, itis possible to enhance the beam profile in the
slice direction DL. This point will be described in detail with
reference to FIG. 7A to FIG. 8.

FIG. 7A illustrates a comparative channel configuration
example. In the comparative configuration example, the sig-
nal terminals XAi and XAb are connected with both ends of
the signal electrode wirings [.Si and common terminals XCAi
and XCBi are connected with both ends of the common
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electrode wirings L.Ci. Then, ultrasonic transducer elements
UE1 to UES are arranged along the slice direction DL and
connected in parallel between the signal electrode wiring [.Si
and the common electrode wiring LCi. The same signal is
supplied to the signal terminals X Ai and XBi as the transmis-
sion signal.

In the configuration, wiring resistance in the signal elec-
trode wiring L.Si and the common electrode wiring L.Ci and
the capacitance component which can be seen between the
electrodes of the ultrasonic transducer elements UE1 to UES
are an RC time constant circuit. The RC time constant circuit
delays the phase of the transmission signal, which is applied
from the signal terminals XAi and XBi, from the elements
UE1 and UES5 on the outside toward the element UE3 in the
center and reduces the amplitude of the transmission signal
from the elements UE1 and UES on the outside toward the
element UE3 in the center. According to the changes in the
phase or the amplitude, the beam profile may change in the
slice direction DL.

FIG. 7B illustrates sound field simulation results in a case
of connecting in parallel as described above. The vertical axis
Y represents the position in the slice direction DL and the
horizontal axis Z represents the position in the depth direction
(that is, the normal direction of the plane of the substrate 60).
BMA1 which is shown by a dotted line is a sound pressure
characteristic line in a case where an acoustic lens is not
provided and BMA2 which is shown by a solid line is a sound
pressure characteristic line in a case where an acoustic lens is
provided. The sound pressure characteristic lines are lines
which are drawn atY positions from a sound pressure Y=0 to
-6 dB ateach of the Z positions. The width between the sound
pressure characteristic lines in the direction along the Y axis
represents the beam width.

Even in a case where an acoustic lens is not provided as
shown by the sound pressure characteristic line BMA1, the
ultrasonic beam generates a small natural focus due to the
phase delay and changes in the amplitude according to the RC
time constant circuit. Due to the addition of the effects of the
natural focus, the beam width is significantly diftused further
from the focus (approximately Z=40 mm) in the sound pres-
sure characteristic line BMA2 in the case where the acoustic
lens is provided. By doing so, the sound pressure decreases
with distance and it is difficult to observe the depths or the like
of the body.

In this point, according to the present embodiment, it is
possible to apply transmission signals with the same phase
and the same amplitude to each of the element groups by
arranging the 15 to k” element groups (EG1 to EG3) which
are connected in series along the slice direction DL. Due to
this, it is possible to suppress the natural focus as described
above and realize an enhancement in the beam profile in the
slice direction DL.

FIG. 8 illustrates sound field simulation results in a case
where the present embodiment is applied. The vertical axis Y
represents the position in the slice direction DL and the hori-
zontal axis Z represents the position in the depth direction
(that is, the normal direction of the plane of the substrate 60).
BMB1 shown by a dotted line is a sound pressure character-
istic line in the case where an acoustic lens is not provided and
BMB2 shown by a solid line is a sound pressure characteristic
line in the case where an acoustic lens is provided. The sound
pressure characteristic lines are lines which are drawn at Y
positions from a sound pressure Y=0 to -6 dB at each of the
Z positions. The width between the sound pressure charac-
teristic lines in the direction along the Y axis represents the
beam width.
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It is understood that the sound pressure characteristic line
BMBI in a case where the acoustic lens is not provided does
not converge even with distance and a natural focus is not
generated. It is understood that, for the sound pressure char-
acteristic line BMB2 in the case where the acoustic lens is
provided, the beam width is reduced with distance compared
to the sound pressure characteristic line BMA2 which is the
comparative example. In this manner, in the present embodi-
ment, it is possible to suppress the diffusion at a distant point
compared to the comparative example and it is possible to
detect the echoes even with distance. In addition, it is also
possible to improve the lateral resolution in the slice direction
DL since the beam width at a distant point is small.

Here, “arranged to line up in the first direction (or the
second direction)” means, for example, arranged along the
first direction (or the second direction). For example, in a case
where a plurality of ultrasonic transducer elements are
arranged to line up in the first direction (or the second direc-
tion), this is not limited to cases where the plurality of the
ultrasonic transducer elements are lined up on a straight line
along the first direction (or the second direction) and, for
example, the plurality of the ultrasonic transducer elements
may be arranged in a zigzag with respect to a straight line
along the first direction (or the second direction).

Here, each of the element groups has 1 to j ultrasonic
transducer elements (UE11 to UE14 in EG1, UE21 to UE24
in EG2, and UE31 to UE34 in EG3) as the plurality of ultra-
sonic transducer elements in the present embodiment. Out of
the 1 to j* ultrasonic transducer elements, each of the s”
ultrasonic transducer elements (UE1s, UE2s, and UE3s) in
the 1% to k” element groups (EG1 to EG3) is arranged along
the second direction (the slice direction DL).

By doing so, it is possible for the s ultrasonic transducer
elements (UE1s, UE2s, and UE3s) of each of the element
groups to be arranged at equal intervals along the slice direc-
tion. Due to this, since it is possible to emit ultrasonic waves
with the same phase and the same amplitude from the ultra-
sonic transducer elements (UE1s, UE2s, and UE3s) which are
arranged at equal intervals, it is possible for the beam profile
described above to have a more ideal profile.

In addition, in the present embodiment, as described in the
layout modified example, each of the element groups has at
least four of the ultrasonic transducer elements (for example,
the piezoelectric body layers 93a to 934 in FIG. 6) which are
arranged in a matrix in two directions of the first direction
which is the scanning direction DS and the second direction
(the slice direction DL) which intersects with the first direc-
tion as the plurality of ultrasonic transducer elements which
are electrically connected in parallel.

Also in the layout configuration described above, it is pos-
sible to arrange the s? ultrasonic transducer elements (UE1s,
UE2s, and UE3s) of each of the element groups at equal
intervals along the slice direction DL and it is possible to
enhance the beam profile.

5. Modified Example of Channel Element Group

In the embodiments above, an example of a case where the
element groups EG1 to EG3 are connected in series was
described, but the present embodiment is not limited to this
and, for example, the plurality of ultrasonic transducer ele-
ments 10 may be connected in series. FIG. 9 illustrates a
modified example of the channel element group CHi in this
case.

The channel element group CHi shown in FIG. 9 includes
ultrasonic transducer elements UE1 to UEk (for example,
k=3) which are arranged along the slice direction DL. The
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ultrasonic transducer elements UE1 to UE3 are connected in
series between the signal electrode wiring [.Si and the com-
mon electrode wiring LCi. In detail, UE1 is connected
between the signal electrode wiring [.Siand anode NB1, UE2
is connected between the node NB1 and a node NB2, and
UES3 is connected between the node NB2 and the common
electrode wiring LCi.

FIG. 10 illustrates a layout configuration example of the
modified example described above. FIG. 10 is a planar dia-
gram viewed in the thickness direction of the substrate 60
from the ultrasound emission direction side. The layout con-
figuration of the ultrasonic transducer element UE2 will be
described as an example. The ultrasonic transducer element
UE?2 is configured by the first electrode layers 72a and 72e,
the second electrode layer 82, and the piezoelectric body
layer 92.

The first electrode layer 72a is a rectangular shape in a plan
view and the long side of the rectangular shape is arranged so
as to be along the slice direction DL. The first electrode layer
72a is connected with the first electrode layer 72¢ which is
arranged on the slice direction DL side of the first electrode
layer 72a. The piezoelectric body layer 92 is arranged so as to
cover above the first electrode layer 72a. The piezoelectric
body layer 92 is a rectangular shape in a plan view and the
long side ofthe rectangular shape is arranged so as to be along
the slice direction DL. The second electrode layer 82 is
arranged so as to cover above the piezoelectric body layer 92.

The second electrode 81 of the ultrasonic transducer ele-
ment UE1 is arranged above a portion of the first electrode
layer 72a and the first electrode layer 72e, and the second
electrode layer 81 of the element group EG1 and the first
electrode layers 72a and 72e of the element group EG2 are
conductive. In addition, the second electrode layer 82 is
arranged above a portion of the first electrode layer 73a and
the first electrode layer 73 of the element group EG3, and the
second electrode layer 82 of the element group EG2 and the
first electrode layers 73a and 73e of the element group EG3
are conductive.

Also in the modified example described above, it is pos-
sible to realize an enhancement in the shape of the beam in the
slicedirection DL as described in FIG. 8. That is, by arranging
the plurality of ultrasonic transducer elements UE1 to UE3
which are connected in series along the slice direction DL, it
is possible to apply a transmission voltage with the same
phase and the same amplitude between the terminals of each
of the ultrasonic transducer elements in the slice direction
DL. Due to this, ultrasonic waves with the same phase and the
same amplitude are emitted from each of the ultrasonic trans-
ducer elements and it is possible to get closer to the ideal
shape of the beam in the slice direction DL.

Here, the first electrode layers 71a and 71e, the first elec-
trode layers 72a and 72¢, and the first electrode layers 73a and
73e are divided for convenience (shown by dotted lines in
FIG. 10), and each is configured by one electrode layer
(shown by solid lines).

6. Modified Example of Ultrasonic Transducer
Device

Here, the signal terminal X Ai is connected with one end of
the channel element group CHi and the common terminal
XCi is connected with the other end of the channel element
group CHi in the present embodiment. As a result, it is pos-
sible for the common terminals XC1 to XC64 of the channel
element groups CH1 to CH64 to be easily shared by being
bunched above the substrate 60. FIG. 11 illustrates a modified
example of the ultrasonic transducer device 200 in a case
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where the common terminals are shared. Here, the constituent
elements which are the same as the configuration example in
FIG. 2 are given the same reference numerals and description
is appropriately omitted.

The ultrasonic transducer device 200 in FIG. 11 includes
the substrate 60, the ultrasonic transducer element array 100
which is formed on the substrate 60, the signal terminals XA1
to XA64 which are formed on the substrate 60, a common
terminal XC (a signal terminal in a broad meaning) which is
formed on the substrate 60, the signal electrode wirings [.S1
to LS64 which are formed on the substrate 60, the common
electrode wirings [.C1 to L.C64 (signal electrode wirings in a
broad meaning) which are formed on the substrate 60, and a
first wiring LCX and a second wiring L.CY which are formed
on the substrate 60.

The common terminal XC and the signal terminals XAl to
XA64 are arranged at one end section of the ultrasonic trans-
ducer element array 100 in the slice direction DL. The com-
mon terminal XC and the channel element groups CH1 to
CH64 are connected by the first wiring LCX and the second
wiring LCY which are arranged so as to go round from the
other end section to the one end section of the ultrasonic
transducer element array 100 in the slice direction DL. That
is, the first wiring LCX is arranged along the scanning direc-
tion DS to the other end section of the ultrasonic transducer
element array 100 in the slice direction DL. The first wiring
LCX is connected together (in common) with the common
electrode wirings [.C1 to L.C64 and connected with the com-
mon terminal XC using the second wiring LCY which is
arranged along the slice direction DL.

According to the modified example described above, it is
possible to arrange all of the terminals at one end section of
the ultrasonic transducer device 200 by the common terminal
XC being shared. Due to this, since it is possible to perform
inputting and outputting of signals from only the one end
section, it is possible to reduce the constituent components for
inputting and outputting compared to a case where inputting
and outputting of signals is performed from both end sections.

7. Head Unit

FIG. 12 illustrates a configuration example of a head unit
220 where the ultrasonic transducer device 200 of the present
embodiment is mounted. The head unit 220 shown in FIG. 12
includes the ultrasonic transducer device 200 (also referred to
below as an “element chip”), a connecting section 210, and a
supporting member 250.

The element chip 200 includes the ultrasonic transducer
element array 100, and a chip terminal group (the signal
terminals XA1 to XA64 and the common terminal XC) which
is provided on a first side of the element chip 200. The ele-
ment chip 200 is electrically connected with a processing
apparatus (for example, the processing apparatus 330 in FIG.
15) of a probe body via the connecting section 210.

The connecting section 210 electrically connects the probe
body and the head unit 220 and has a connector 421 which has
a terminal group (a plurality of connecting terminals), and a
flexible substrate 130. A wiring group (a plurality of signal
wirings and common wiring) which connects the chip termi-
nal group and the terminal group of the connector 421 is
formed on the flexible substrate 130.

As above, it is possible to electrically connect the probe
body and the head unit 220 by providing the connecting
section 210 and it is also possible for the head unit 220 to be
attached to and detached from the probe body. In addition, it
is possible to have the single connecting section 210 by pro-
viding the chip terminal group on the first side of the element
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chip 200. Here, in a case where the second chip terminal
group (the common terminals XC1 to XC64) is provided on
the second side of the element chip 200 as shown in FIG. 2,
the connecting section 210 may be provided on the first side
and the second side of the element chip 200.

FIG. 13A to FIG. 13C illustrate a detailed configuration
example of the head unit 220. FIG. 13A illustrates a second
surface SF2 side of the supporting member 250, FIG. 13B
illustrates a first surface SF1 side of the supporting member
250, and FIG. 13C illustrates a side surface side of the sup-
porting member 250.

The supporting member 250 is a member which supports
the element chip 200. The connector 421 is provided on the
first surface SF1 side of the supporting member 250. It is
possible for the connector 421 to be attached to and detached
from connectors which correspond to the probe body side.
The element chip 200 is supported on the second surface SF2
side which is the rear surface of the first surface SF1 of the
supporting member 250. Fixing members 260 are provided at
each corner section of the supporting member 250 and are
used to fix the head unit 220 to a probe casing.

Here, the first surface SF1 side of the supporting member
250 is a normal direction side of the first surface SF1 of the
supporting member 250, and the second surface SF2 side of
the supporting member 250 is a normal direction side of the
second surface SF2 which is the rear surface of the first
surface SF1 of the supporting member 250.

As shown in FIG. 13C, a protective member 270 (a pro-
tecting film) which protects the element chip 200 is provided
on the surface (the surface where the piezoelectric body layer
30 is formed in FIG. 1B) of the element chip 200. The pro-
tective member 270 may also be used as an acoustic adjust-
ment layer, an acoustic lens, or the like.

8. Ultrasonic Probe

FIG. 14A and FIG. 14B illustrate a configuration example
of an ultrasonic probe 300 (a probe) where the head unit 220
described above is applied. FIG. 14A illustrates a case where
a probe head 310 is mounted in a probe body 320 and FIG.
14B illustrates a case where the probe head 310 is separated
from the probe body 320.

The probe head 310 includes the head unit 220 and a probe
casing 240 which contains a contact member 230, which
comes into contact with a subject, and the head unit 220. The
element chip 200 is provided between the contact member
230 and the supporting member 250.

The probe body 320 includes the processing apparatus 330
and a probe body side connector 426. The processing appa-
ratus 330 includes a transmission section 332, a reception
section 335 (an analog front end section), and the transmis-
sion and reception control section 334. The transmission sec-
tion 332 performs a process of transmitting a driving pulse (a
transmission signal) to the element chip 200. The reception
section 335 performs a process of receiving an ultrasonic
echo signal (a reception signal) from the element chip 200.
The transmission and reception control section 334 performs
control of the transmission section 332 and the reception
section 335. The probe body side connector 426 connects
with a head unit side connector 425 (or a probe head side
connector). The probe body 320 connects with an electronic
device (for example, an ultrasonic imaging apparatus) body
using a cable 350.

The head unit 220 is contained in the probe casing 240, but
it is possible to remove the head unit 220 from the probe
casing 240. By doing this, it is possible to replace only the
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head unit 220. Alternatively, it is possible to replace the head
unit 220 in a state of being contained in the probe casing 240,
that is, as the probe head 310.

9. Ultrasonic Imaging Apparatus

FIG. 15 illustrates a configuration example of an ultrasonic
imaging apparatus. The ultrasonic imaging apparatus
includes the ultrasonic probe 300 and an electronic device
body 400. The ultrasonic probe 300 includes the head unit
220 (an ultrasonic head unit) and the processing apparatus
330. The electronic device body 400 includes a control sec-
tion 410, a processing section 420, a user interface section
430, and a display section 440.

The processing apparatus 330 includes the transmission
section 332, the transmission and reception control section
334, and the reception section 335 (an analog front end sec-
tion). The head unit 220 includes the element chip 200 and the
connecting section 210 (a connector section) which connects
the element chip 200 with a circuit substrate (for example, a
rigid substrate). The transmission section 332, the transmis-
sion and reception control section 334, and the reception
section 335 are mounted onto the circuit substrate. The trans-
mission section 332 may include a high voltage generating
circuit (for example, a booster circuit) which generates a
power supply voltage of a pulsar.

In a case where ultrasonic waves are transmitted, the trans-
mission and reception control section 334 performs transmis-
sion instruction with respect to the transmission section 332,
and the transmission section 332 receives the transmission
instruction and outputs a driving voltage by amplifying a
driving signal to a high voltage. In a case where reflected
ultrasonic waves are received, the reception section 335
receives a reflected wave signal which is detected using the
element chip 200. The reception section 335 processes the
reflected wave signal (for example, an amplification process,
an A/D conversion process, or the like) based on a reception
instruction from the transmission and reception control sec-
tion 334 and the signal after processing is transmitted to the
processing section 420. The processing section 420 displays
the signal on the display section 440 as an image.

Here, it is possible for the ultrasonic transducer device of
the present embodiment to be applied to various electronic
devices without being limited to the ultrasonic imaging appa-
ratus for medical use as described above. For example, a
diagnosis device for checking the insides of buildings and the
like without damage, a user interface device which detects
movement of a finger of a user using reflection of ultrasonic
waves, and the like can be assumed as the electronic devices
where the ultrasonic transducer device is applied.

Here, the present embodiment is described in detail as
above, but it should be possible for a person skilled in the art
to easily conceive that many changes are possible without
substantially departing from the novel items and effects of the
present invention. In accordance with this, all of the modified
examples are included in the scope of the present invention.
For example, in the specifications and diagrams, it is possible
for terms, which are described along with different terms
which have a broader or similar meaning, to be replaced at
least once with the different terms in any locations in any of
the specifications or diagrams. In addition, all combinations
of the present embodiment and modified examples are also
included in the scope of the present invention. In addition,
various modifications are possible with respect to the con-
figuration and operation of the ultrasonic transducer device,
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the probe, and the ultrasonic imaging apparatus, and the like
without being limited to what is described in the present
embodiment.

GENERAL INTERPRETATION OF TERMS

In understanding the scope of the present invention, the
term “comprising” and its derivatives, as used herein, are
intended to be open ended terms that specify the presence of
the stated features, elements, components, groups, integers,
and/or steps, but do not exclude the presence of other unstated
features, elements, components, groups, integers and/or
steps. The foregoing also applies to words having similar
meanings such as the terms, “including”, “having” and their
derivatives. Also, the terms “part,” “section,” “portion,”
“member” or “element” when used in the singular can have
the dual meaning of a single part or a plurality of parts.
Finally, terms of degree such as “substantially”, “about” and
“approximately” as used herein mean a reasonable amount of
deviation of the modified term such that the end result is not
significantly changed. For example, these terms can be con-
strued as including a deviation of at least £5% of the modified
term if this deviation would not negate the meaning of the
word it modifies.

While only selected embodiments have been chosen to
illustrate the present invention, it will be apparent to those
skilled in the art from this disclosure that various changes and
modifications can be made herein without departing from the
scope of the invention as defined in the appended claims.
Furthermore, the foregoing descriptions of the embodiments
according to the present invention are provided for illustra-
tion only, and not for the purpose of limiting the invention as
defined by the appended claims and their equivalents.

What is claimed is:

1. An ultrasonic transducer device comprising:

a substrate having a first surface and a second surface

opposing to the first surface;

first and second signal terminals disposed over the first

surface of the substrate; and
an ultrasonic transducer element array disposed over the
first surface of the substrate and connected with the first
and second signal terminals, the ultrasonic transducer
element array having a 1* element group to ak” element
group, where k is a natural number such that k=2,

wherein each of the 1° element group to the k” element
group includes a plurality of ultrasonic transducer ele-
ments arranged to line up along a first direction and
electrically connected in parallel, and
the 1% element group to the k” element group are arranged
to line up along a second direction intersecting to the first
direction and electrically connected in series between
the first signal terminal and the second signal terminal,

the first direction and the second direction are perpendicu-
lar to a normal direction of the first surface of the sub-
strate, and

each of the ultrasonic transducer elements has a first elec-

trode, a second electrode, and a transducer section dis-
posed between the first electrode and the second elec-
trode in the normal direction of the first surface of the
substrate.

2. The ultrasonic transducer device according to claim 1,
wherein

the first signal terminal is connected with a control section

configured to perform receiving and transmitting of sig-
nals.

3. The ultrasonic transducer device according to claim 1,
wherein



US 9,252,352 B2

19

the ultrasonic transducer elements electrically connected
in parallel are arranged to line up along the first direction
which is a scanning direction.
4. The ultrasonic transducer device according to claim 3,
wherein
each of the 1° element group to the k™ element group has a
1* ultrasonic transducer element to a i ultrasonic trans-
ducer element, where j is a natural number such that j=2,
as the ultrasonic transducer elements, and
each s™ ultrasonic transducer element, where s is a natural
number such that s<j, among the 1 ultrasonic trans-
ducer element to the j* ultrasonic transducer element in
each of the 1* element group to the k? element group is
arranged to line up along the second direction.
5. The ultrasonic transducer device according to claim 1,
wherein
each ofthe 1* element group to the k” element group has at
least four of the ultrasonic transducer elements electri-
cally connected in parallel and arranged in a matrix in
two directions of the first direction which is a scanning
direction and the second direction which intersects with
the first direction.
6. The ultrasonic transducer device according to claim 3,
wherein
the first electrode of each of the ultrasonic transducer ele-
ments in the 1°* element group is connected with the first
signal terminal, and
the second electrode of each of the ultrasonic transducer
elements in the 1% element group is connected with the
first electrode of each of the ultrasonic transducer ele-
ments in a 2" element group.
7. The ultrasonic transducer device according to claim 6,
wherein
the second electrode of each of the ultrasonic transducer
elements in a k—1? element group among the 1°* element
group to the k™ element group is connected with the first
electrode of each of the ultrasonic transducer elements
in the k™ element group, and
the second electrode of each of the ultrasonic transducer
elements in the k” element group is connected with the
second signal terminal.
8. The ultrasonic transducer device according to claim 3,
further comprising:
an additional first signal terminal, with the first signal
terminal and the additional first signal terminal being
arranged at a first end section of the ultrasonic trans-
ducer element array with respect to the second direction
which intersects with the first direction; and
a second signal electrode wiring arranged at least at a
second end section of the ultrasonic transducer element
array with respect to the second direction and connected
with the second signal terminal,
wherein the 1* element group to the k” element group are
electrically connected in series between one of the first
signal terminals and the second signal electrode wiring.
9. The ultrasonic transducer device according to claim 8,
wherein
the second signal terminal is arranged at the first end sec-
tion, and
the second signal electrode wiring has a first wiring portion
arranged at the second end section with respect to the
first direction and a second wiring portion connecting
the first wiring portion and the second signal terminal.
10. A head unit of a probe comprising:
the ultrasonic transducer device according to claim 1,
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wherein the ultrasonic transducer device is configured and
arranged to be attached and detached with respect to a
probe body of the probe.

11. A probe comprising:

the ultrasonic transducer device according to claim 1; and

a probe body.

12. The probe according to claim 11, further comprising:

a flexible substrate having first signal wiring connected
with the first signal terminal and a second signal wiring
connected with the second terminal,

wherein the first signal terminal and the second signal
terminal are arranged at one end of the ultrasonic trans-
ducer device, and

the flexible substrate is provided at the one end of the
ultrasonic transducer device.

13. An ultrasonic imaging apparatus comprising:

the probe according to claim 11; and

a display section configured and arranged to display image
data.

14. The ultrasonic transducer device according to claim 1,

wherein

the 1 element group to the k” element group are disposed
on the substrate such that the 1° element group to the k”
element group electrically connected in series are
arranged to line up along the second direction along the
first surface of the substrate which is perpendicular to the
normal direction of the first surface of the substrate, and
the first electrode, the transducer section and the second
electrode being are accumulated in the normal direction
of the first surface of the substrate.
15. An ultrasonic transducer device comprising:
a substrate having a first surface and a second surface
opposing to the first surface;
first and second signal terminals disposed over the first
surface of the substrate; and
an ultrasonic transducer element array disposed over the
first surface of the substrate and connected with the first
and second signal terminals,
wherein the ultrasonic transducer element array has one of
aplurality of ultrasonic transducer elements electrically
connected in series between the first signal terminal
and the second signal terminal, and
a plurality of element groups electrically connected in
series between the first signal terminal and the second
signal terminal, with each of the element groups hav-
ing a plurality of ultrasonic transducer elements elec-
trically connected in parallel,
the plurality of ultrasonic transducer elements or the plu-
rality of element groups are arranged to line up along a
second direction intersecting with a first direction which
is a scanning direction,
the first direction and the second direction are perpendicu-
lar to a normal direction of the first surface of the sub-
strate, and
each of the ultrasonic transducer elements has a first elec-
trode, a second electrode, and a transducer section dis-
posed between the first electrode and the second elec-
trode in the normal direction of the first surface of the
substrate.
16. An ultrasonic transducer device comprising:
a substrate having a first surface and a second surface
opposing to the first surface;
first and second signal terminals disposed over the first
surface of the substrate; and
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an ultrasonic transducer element array disposed over the
first surface of the substrate and connected with the first
and second signal terminals, the ultrasonic transducer
element array having
a first element group including a plurality of ultrasonic 5
transducer elements arranged to line up along a first
direction and electrically connected in parallel,
a second element group including a plurality of ultra-
sonic transducer elements arranged to line up along
the first direction and electrically connected in paral- 10
lel, and
a connecting wiring electrically connecting the first ele-
ment group and the second element group in series,
wherein the first element group and the second element
group are arranged to line up along a second direction 15
intersecting to the first direction,
the first direction and the second direction are perpendicu-
lar to a normal direction of the first surface of the sub-
strate, and
each of the ultrasonic transducer elements has a first elec- 20
trode, a second electrode, and a transducer section dis-
posed between the first electrode and the second elec-
trode in the normal direction of the first surface of the
substrate.
25



